Suspension cultures of carrot (DaIcus carrota L.) which had an absolute requirement for exogenously supplied auxin were grown in medium containing indoleacetic acid (IAA) as the sole auxin source. Putative cell surface proteins were extracted from the intact cells. Resup-ply of IAA to cultures partially depleted of auxin resulted in rapidly increased activities of three enzyme activities subsequently extracted. Two of the enzyme activities which increased, peroxidase and pectinesterase, have been implicated in the literature as important to cell wail development, stucture, and growth. The other enzyme activity which was increased, IAA oxidase, may be involved in the degradation of IAA In rivo. Polypeptides in the extracts were found to increase equaly as rapidly as the enzymes in response to IAA as determined with sodium dodecyl sulfate-polyacrylamide electrophoretic gels stained with silver. It is not known whether the changes in enzyme and polypeptide levels in the protein extracts were due to auxin effects on protein synthesis, transport, or extractability.
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The effects of auxin on cell enlargement and tissue elongation have been the most extensively studied actions of this plant growth substance. It is clear that cell wall growth and extension are the events which limit and allow this enlargement and elongation. While cell wall acidification appears to be very important in the early stages of rapid auxin-induced growth (13) , there is increasing evidence that DNA transcription and mRNA translation may play equally important roles in auxin induced growth (10, 12, 25, 29) . It is becoming clear that auxin can effect the population of translatable RNA very rapidly (25, 29) , but the identity of the translation products of these mRNAs is generally unknown. Further, it is not clear at this point how early in the events of auxin-induced growth proteins play their crucial role in the specific regions of the cell, such as the wall, where they must act.
Two decades ago, the work of Key et al. (18) , Nooden and Thimann (24) , and others showed that inhibitors of translation strongly inhibit auxin-induced tissue elongation. A number of reports have appeared in the literature which indicate that auxin applications to plant tissues cause increases in the activities of a number of enzymes. Among the enzymes reported to be affected are cellulase (3), glucanases and pectic enzymes (5) , dextranases (15) , invertase (11) cases herbicidal concentrations of auxin were used.
When attempting to relate auxin-affected enzyme activities to other auxin effects it gives strength to the argument if it can be demonstrated that the affected enzyme was obtained from a region of the plant cell where it could exert its effect. As the cell wall is a region which must be altered in order for cell enlargement to occur, some studies have been undertaken in which auxin affected cell wall proteins are the intended object of study (23) . Rarely if ever has it been demonstrated that the proteins under study were indeed from the cell wall, without contaminating cytoplasmic proteins.
By using gentle extraction methods we have selectively obtained proteins putatively from the cell surface while leaving the plasma membrane and its contents intact. We suggest that these are among the proteins which can be in direct contact (14) . Peroxidase activity was assayed by a method using 4-aminoantipyrine as hydrogen donor (6) . Extract (19) . Gels were stained with silver (22) . The mol wt markers used were bovine albumin (66,000), egg albumin (45,000), trypsinogen (24,000) and (l-lactoglobulin (18, described was followed. The activity of these enzymes at periods in excess of 90 to 120 min following auxin addition were quite variable from one experiment to another. Cultures maintained with insufficient auxin for more than 2 d appeared to be in poor condition, failed to exhibit this auxin response, and contained levels of cell surface extractable peroxidase activity many times higher than healthy cultures.
IAA oxidase activity, as indicated by the decarboxylation of labeled IAA, is shown in Figure 2C . While variability was inherently high for this assay, the same general trends in auxin response as observed for pectinesterase and peroxidase were suggested for this activity. As peroxide was required for detection of this activity, a peroxidase enzyme, possibly identical to that producing the activity described above, may have been responsible. The results of the three independent experiments in which this activity was assayed are shown. Although different levels of enzyme activities were found in extracts from different cell cultures, there was no general increase in the amount of protein extracted following auxin treatments.
Proteins extracted from the cell surface by calcium treatment are visible in a silver-stained denaturing electrophoretic gel (Fig.  3) (29, 30) . However, little information exists as to the nature or site of action of the corresponding proteins presumably produced early in an auxin response. We have shown that increased activities of two enzymes, pectinesterase and peroxidase, become extractable from the cell surface well within 30 min of auxin treatment of carrot cultures. We have not demonstrated increased translation ofthese enzymes. We have obtained evidence that the activities of these enzymes were increased at the cell surface, a region including the cell wall, which is a likely target for these enzymes.
Pectinesterase converts predominantly methylated pectin to the more highly carboxylated form. The highly carboxylated form of pectin appears to be the most strongly bound in cell walls, presumably through cross-linking via divalent cations ionically bound to the dissociated carboxyl groups (16) . In light of this, the increase inl cell surface associated pectinesterase activity ?bserved may not be involved in a wall loosening phenomenon.
Peroxidase has been reported to be instrumental in the formation in plant cell walls of isodityrosine, an amino acid which appears to cross-link cell wall glycoproteins (8) . As such, crosslinking would increase the rigidity of the cell wall, this enzyme, like pectinesterase, is probably not directly involved in an auxinmediated cell wall loosening phenomenon. Alternatively, both -------------------j enzymes could be involved in the incorporation of new wall material into the existing wall. We were not able to demonstrate an auxin-induced rapid growth response in the cultured cells used.
As noted previously, the IAA oxidase activity detected may have been due to the peroxidase enzyme described above. An increase in IAA oxidase activity in response to auxin application was suggested by our results, but the nature ofthe assay was such that very accurate quantitation of this activity was not possible. Such activity was observed only in the presence of added H202.
We did observe a rapid disappearance ofcarboxyl carbon from [l-'4C]IAA when this compound was added to cultures (data not presented), suggesting the action of an IAA oxidase enzyme in the cultures. Rapid loss of this carboxyl carbon ceased about 2 h after the addition of radioactive IAA, long before all radioactive counts were lost. This could be due to the disappearance of IAA oxidase from the culture, but the data in Figure 2C suggests that this enzyme activity remained after 2 h following IAA addition. An alternative explanation is that by 2 h after IAA addition to cultures, the majority of the IAA remaining had been converted into conjugated forms (4) or oxidation products such as oxindoleacetic acid (27) which retain the carboxyl carbon but are known to not be susceptible to enzymic decarboxylation.
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